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ABSTRACT

Sequence Stratigraphy of the Lower Pennsylvanian (Bashkirian, Morrowan)
Round Valley Limestone at Split Mountain (Dinosaur National Monument) and
in the Eastern Uinta Mountains, Utah

Nathan Robert Davis
Department of Geological Sciences
Master of Science

The Early Pennsylvanian (Bashkirian/Morrowan) Round Valley Limestone of
northeastern Utah was deposited on the Wyoming shelf, a slowly subsiding depositional surface
located between the Eagle and Oquirrh basins. The 311-foot-thick Round Valley Limestone
displays a distinct cyclicity formed by stacked, meter-scale parasequences, comprised of a
limited suite of open- to restricted-marine limestones with minor interbeds of siltstone and shale.
Open-marine deposits are characterized by mudstone and heterozoan wackestone-packstone
microfacies (MF1-4) and comprise the lower portions of parasequences. Rocks of these
microfacies were deposited during maximum high-order transgression of the shelf. As sediment
filled the limited accommodation, the shelf became restricted, leading to deposition of molluskpeloid dominated wackestone microfacies (MF6). Grainstones (MF5) microfacies are
volumetrically limited in the Round Valley and represent deposition on isolated sand shoals that
populated the shallow shelf. The complete Round Valley section at Split Mountain in Dinosaur
National Monument is comprised of 5 intermediate-order sequences and 48 higher-order
parasquences. Twenty-one of the shallowing-upward cycles are bounded by exposure surfaces
as indicated by the occurrence of rhizoliths, glaebules, autobreccia and alveolar structures. Four
of these that also indicate a significant drop in sea level (abnormal subaerial exposure surfaces
and surfaces with erosional relief) constitute candidate sequence boundaries. The high
percentage of cycles capped by exposure surfaces indicates that deposition of the Round Valley
took place intermittently and that the Wyoming shelf was exposed during a significant portion of
the Bashkirian epoch. Intermittency of deposition is confirmed by comparing the thickness and
sequence architecture of the Round Valley Limestone with coeval strata in the eastern Oquirrh
basin (Bridal Veil Limestone). The Bridal Veil Limestone is four times thicker and contains 24
cycles not represented on the Wyoming shelf.
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Introduction
Early Pennsylvanian (Bashkirian/Morrowan) sedimentation throughout much of Utah
was dominated by carbonate deposition. The nature and nomenclature of this carbonate blanket
varies from area to area as a consequence of depositional dynamics and stratigraphic practice.
The only sequence-based study of Bashkirian carbonate strata in Utah to-date, however, is that of
Shoore and Ritter (2007) who characterized the sequence architecture and depositional
environments of Bashkirian rocks in the Oquirrh basin (Bridal Veil Limestone). In the present
paper, I characterize the depositional environments and sequence stratigraphy of coeval
carbonate strata deposited up-dip from the Oquirrh basin on the less rapidly subsiding Wyoming
shelf (Blakey and Ranney, 2008) (Fig. 1) and compare these with attributes of the Bridal Veil
Limestone. This study of the Round Valley Limestone (Sadlick, 1955) is based upon evaluation
of field data and thin sections from one complete and two partial sections of the formation
located in Dinosaur National Monument and on the north and south flanks of the Uinta
Mountains of northeastern Utah. Comparative sedimentology and stratigraphy is based upon a
comparison of my data with that of Shoore and Ritter (2007).
Location
Sequence stratigraphic studies require complete exposures in order to accurately delineate
facies stacking patterns and to diagnose the character and succession of significant surfaces.
Although the Round Valley is present throughout much of northern Utah, only three localities
display nearly complete exposure for all (Split Mountain) or significant parts (Sols Canyon and
Dry Canyon) of the formation (Figure 2). The complete section of the Round Valley Limestone
was measured on the north-northeastern side of Split Mountain, a breached anticline located due
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east of Vernal, Utah, in Dinosaur National Monument (40°29'4.51"N, 109°10'45.99"W) (Fig. 2
& 3). This section is a composite of three offset and partially overlapping segments labeled Split
Mountain (SM), Split Mountain Upper (SMU) and Split Mountain North (SMN). The section is
located on the east bank of the Green River where the Round Valley is better exposed (Fig. 3).
Partial sections of the Round Valley Limestone were measured in Sols and Dry Canyons
(Fig. 2) on the northern and southern flanks of the Uinta Mountains, Utah. Sols Canyon is
located southeast of Fort Bridger, Wyoming along Highway 414 between Mountain View,
Wyoming and Manila, Utah (40°55'20.63"N, 109°52'16.54"W). Dry Canyon is located fifteen
miles northwest of Vernal, Utah along Canyon Road (40°36'12.66"N, 109°44'42.50"W).
Geologic Setting
The name Round Valley was coined by Sadlick (1955) for ‘resistant ledge-forming beds
of light-gray limestone’ that crop-out in Round Valley, located three miles east of Morgan, Utah.
Sadlick (1955a, 1955b, 1959) described a thickness range of 300 to 350 feet, which correlates
closely to the thickness of the Round Valley Limestone (311.65 feet) at Split Mountain. Hurst
(2010) also identified the Round Valley Limestone in Sols Canyon as a light blue-gray, cliffforming limestone that is 50-118 meters (164-387 feet) thick and contains large brownish-yellow
and red chert nodules (Hurst, 2010). The Round Valley Limestone is underlain by the
Chesterian Doughnut Shale and overlain by red beds and limestones of the Atokan/Demoinesian
Morgan Formation throughout the northern Wasatch and Uinta Ranges (Hintze and Kowallis,
2009). Figure 4 shows the lithostatigraphic correlation of these and coeval Carboniferous strata
in north-northeastern Utah according to various authors. Bashkirian strata in Utah County were
assigned to the Bridal Veil Limestone by Baker and Crittenden (1961). Bashkirian rocks were
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named the West Canyon and Green Point formations in the southern and northern Oquirrh
Mountains, respectively (Tooker and Roberts, 1970).
Sadlick (1955a, 1955b, 1959) placed the mid-Carboniferous boundary at the contact
between the Doughnut Formation and overlying Round Valley Limestone. Webster (1984) used
conodonts to locate the Mississippian-Pennsylvanian boundary in the uppermost portion of the
Manning Canyon Shale in north-central Utah. Driese (et al., 1984) used conodonts to determine
the Atokan/Desmoinesian age of the Morgan Formation in eastern Utah. In North America,
earliest Pennsylvanian rocks have historically been assigned to the Morrowan Stage but
Gradstein (2004) demonstrates that the international term, Baskirian is nearly identical in age.
Herein, I use the term Bahskirian when discussing events and rocks of this age.
Methods
Each section was measured and described using standard field practices. Samples were
collected at each bed that showed lithologic change (decimeter scale) to acquire a complete suite
of microfacies from each parasequence and to evaluate significant surfaces.
Petrographic analysis was based upon 215 thin sections. These were described, imaged
and characterized using a Nikon petrographic microscope, a PETROG stepper and PETROG
software. Descriptions of each thin-section entailed a detailed analysis of skeletal and nonskeletal content, small-scale sedimentary structures, diagenetic alteration and textural
relationships (Flügel, 2004). The carbonate nomenclature used for this study is that of Dunham
(1962) modified to include Lucia (1995) petrophysical distinction between mud-dominated and
grain-dominated (Fig. 5). Point-counts were based on 27 compositional attributes in 202 of the
215 thin-sections. Thirteen thin sections were not counted owing to diagenetic obliteration of
original depositional fabrics. The sample by attribute table (202 X 27) of raw point-count data
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was subjected to cluster analysis (Euclidean distance, nearest neighbor) using PAST
(PAleontological STatistics, http://folk.uio.no/ohammer/past/), (Fig. 6). Eight main clusters
derived from this procedure are interpreted to represent distinctive microfacies designated MF1
through MF8. Bedding and other features not detected by point counting were used to subdivide
MF1 (MF1a,b,c) MF4 (MF4a,b), MF5 (MF5a,b,c) and MF6 (MF6a,b,c) into submicrofacies that
permitted enhanced diagnosis of depositional environments. Compositional attributes comprise
of three categories: skeletal (17), non-skeletal (7) and diagenetic (3). Skeletal (17) components
include: algae (blue-green), calcareous algae, bivalves, brachiopods, brachiopod spines,
bryozoa, crinoids, echinoids, coiled and encrusting foraminifera, gastropods, micritized
mollusks, ostracodes, trilobites and fine-grained skeletal fragments classified as microbioclasts
and unknown whole and fragmented skeletal grains. Non-skeletal (7) attributes are micrite,
intraclasts, coated grains, superficial ooids (cortoids), ooids, peloids and quartz. Diagenetic (3)
criteria include chert, dolomite and sparry calcite.
Carbonate Petrology and Microfacies
The Round Valley Limestone is comprised of a limited suite of 11 microfacies and
submicrofacies that reflects deposition on an intermittently open-marine, restricted-marine and
subaerially exposed shelf. Here I describe the microfacies (MF1 though MF8) and
submicrofacies derived from the aforementioned cluster analysis. Many of the microfacies
(specifically MF1, MF4, MF5 and MF6) were divided into submicrofacies that correspond to
low-count clusters. Figure 7 represents a depositional model for microfacies MF1 though MF8.
MF8 is a diagenetic microfacies reflecting sub-aerial exposure of cycle-capping strata. Figures 8
through 12 show the microfacies stacking patterns for the Dry Canyon (Fig. 8), Sols Canyon
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(Fig. 9) and Split Mountain composite sections (Figs. 10-12). Figures 10 through 12 show facies
stacking patterns for components of the Split Mountain composite section.
MF1: Open-shelf Mudstone
Description:
This microfacies (Fig. 13a-f) consists of component-poor, dark-gray carbonate mudstone
that comprises 16% (33 samples) of the measured sections. The majority of samples possess
neomorphosed, microsparitic textures (Fig. 13b, d, f). Euhedral dolomite crystals (Fig. 13f)
occur in some samples, as do scattered crinoid and brachiopod microbioclasts and thin-walled
ostracodes (up to 4% of rock volume). Additionally, sparse peloids, quartz (silt) and muddy
intraclasts (Fig. 13e) may be present. In the field, rocks of this microfacies underlie covered to
partially covered slopes. They are typically brown or light-gray on weathered surfaces and
medium- to dark-gray on fresh surfaces. From the cluster analysis three distinct submicrofacies
were defined.
MF1a – Laminated Mudstone
Rocks of this submicrofacies are laminated with little or no quartz content. Laminations
result from concentration of finely comminuted echinoderm fragments (0.2 to 0.4 mm), small
peloids, siliceous sponge spicules and/or quartz silt alternating with dark mud-rich laminae (Fig.
13a, b). Laminae range in thickness from 0.5 to 2.0 mm and are usually planar or slightly
undulatory. Millimeter-scale planar cross-bedding characterized selected grain-rich horizons in
one sample. This submicrofacies forms 30% of MF1 but is only a minor component (7%) of the
Round Valley Limestone.
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MF1b – Burrowed/Mottled Mudstone
Rocks of this submicrofacies are comprised of dark-brown, burrowed and/or mottled
mudstone (Fig. 13c). In a few cases, laminae are partially disrupted, but in the majority of rocks
assigned to this microfacies, bioturbation has completely obliterated original bedding. The
boundaries of burrows range from sharp to diffuse. Other burrows are indicated by the
concentric arrangement of burrow-filling mud and microbioclasts. This submicrofacies contains
only 15% of MF1, but is also only a minor component (2%) of the Round Valley Limestone.
MF1c – Massive Mudstone
Rocks of this submicrofacies are characterized by dark-brown mud with a homogeneous
appearance (i.e. laminae and burrows are not visible) (Fig. 13d). Rocks of this variety contain
less than 2% skeletal (echinoderm and/or brachiopod fragments) or non-skeletal grains.
Additionally, muddy intraclasts (Fig. 13e), euhedral dolomite crystals (Fig. 13f) are present.
Muds of this submicrofacies appear to be the most diagenetically altered. This submicrofacies
forms the major component, 55%, of MF1 and 18% of the overall measured section of the Round
Valley Limestone.
Interpretation:
The combination of muddy texture, sparse fauna and dark color (Fig. 13a-f) is inferred to
reflect deeper-water deposition (Fig. 7a). The degree of bioturbation that distinguishes
submicrofacies MF1a, MF1b and MF1c, indicates that oxygen levels ranged from anaerobic
(laminated mudstone) to aerobic (massive mudstone). The inhospitable nature of the setting is
further indicated by the near absence of skeletal grains. Fragments of heterozoan invertebrates
(crinoids, brachiopods and ostracodes) occur in some samples of this microfacies. These were
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likely transported into deeper water from higher on the shelf by storm currents. Rocks of this
microfacies formed on the Wyoming shelf at times of local sea-level highstand.
Occurrence:
Rocks of this open-marine microfacies generally occur near the base of asymmetrical
parasequences (shallowing upward cycles) or in the middle of symmetrical cycles (with a
deepening upward component at their base). These high-order cycles represent the maximum
flooding component of these cycles. For a full description of these sequences and parasequences
see the Sequence Stratigraphy and Sequence Hierarchy sections.
MF2: Heterozoan Wackestone
Description:
The component composition of this mud-rich microfacies is characterized by a diverse
heterozoan faunal assemblage that includes crinoids, impunctate and pseudopunctate
brachiopods (shells and spines) and sparse fenestellid, ramose and encrusting bryozoans (Fig.
14a-f). Trilobite fragments, disarticulated ostracods and echinoid spines occur in nearly 100% of
samples, but in small numbers (<5%). The rock is fine- to medium-grained with the majority of
grains measuring less than one millimeter in length/diameter, although larger, more complete
skeletal grains occur in a minority of samples. Foraminifera occur in 90% of these rocks,
represented principally by Endothyra, Planoendothyra and Eostaffella. Prismatic archaeodiscids
occur in 65% of samples. Encrusting forams (mainly Pseudoglomospira) are nearly ubiquitous
in rocks of this facies, but in very small numbers. Peloids also form a small component of this
microfacies. Small-diameter burrows (1 to 2 millimeter) indicated by concentric arrangement of
bioclasts are common. This ledge- and cliff-forming lithology is the most common rock type

8
(25%) in the Round Valley Limestone. Samples are light-gray to dark-brown on weathered
surfaces, dark-gray to dark-brown on fresh surfaces.
Interpretation:
The abundant normal marine fauna and mud-support texture indicate deposition in a
relatively low energy, well-oxygenated setting (Fig. 7a). The absence of lamination indicates an
active infauna in well-oxygenated bottom sediments. Calcareous algae (Fig. 14c) are sparse in
all but a few samples. The frequent occurrence of prismatic archaeodiscids, however, may
indicate deposition in the photic zone if Brenckle et al.’s (1987) interpretation of archaeodiscid
ecology is correct. The close association of MF1 and MF3 rocks in depositional cycles suggests
that rocks of this microfacies were likely deposited under open-marine conditions, in slightly
shallower water than MF1 (Fig. 7a).
Occurrence:
Rocks of this microfacies generally occur in the lower to middle part of asymmetrical,
shoaling-upward parasequences and are often bounded stratigraphically by rock from MF1, MF3
and strata from MF6 (MF6a, MF6b and MF6c). In several cases though, MF2 are present in
symmetrical cycles where an overall deepening has occurred (see Fig. 10, i.e. RVL-2a, b and f).
Rocks of this microfacies makes up 25% of the Round Valley Limestone and occur in 70% of
parasequences.
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MF3: Mud-Dominated Packstone
Description:
This microfacies contains the same diverse skeletal association as rocks of MF2
(heterozoan macrofossils). The major distinction between these two microfacies is that this MF3
contains less mud and a denser concentration (38-67%) of relatively coarser crinoid, trilobite,
bryozoan and brachiopod fragments (Fig. 15a-f) than rocks of MF2. Crinoid abundances range
from 5-35% of constituents. Trilobites, bryozoans and brachiopods are twice as abundant as they
are in MF2. Uncommon skeletal grains include bivalves, foraminifera, thick-walled ostracodes,
algae, unidentifiable skeletal fragments, brachiopod spines, gastropods and echinoid fragments.
Non-skeletal material includes peloids, small amounts of quartz, sparse intraclasts and rare ooids
(Fig. 15a-f).
Samples contained herein are distinctive from the mud- to grain-dominated packstones
found in MF4 due to their high crinoid, trilobite, bryozoan, foraminifera and brachiopod counts
and low peloid count.
In the field, the mud-dominated packstone facies forms ledges that range from several
centimeters to ~70 centimeters in thickness. Weathered surfaces are typically light-gray to lightto medium-brown with fresh surfaces being medium- to dark-gray. Some skeletal grains are
visible in hand sample if a fresh surface has been wetted. This ledge forming lithology
represents only 6% (13 samples) of the overall exposed Round Valley Limestone.
Interpretation:
Like MF1 and MF2, this mud-dominated packstone facies represents deposition on a well
circulated shelf (Fig. 7a). Skeletal material is similar to that of MF2, but is better sorted and
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slightly more diverse, with the appearance and increase of trilobite and echinoid fragments.
High energy winnowed mud to a minimum and concentrated skeletal remains into a tightly
packed mud-dominated packstone. Skeletal fragments range from fine- to coarse-grained with
most in the medium sand range. Crinoid fragments dominate this facies and the faunal
composition indicates a well oxygenated environment.
Occurrence:
Rock of this microfacies is very similar to MF2. They both occur in asymmetrical,
shoaling upward parasequences and occasionally occur in symmetrical, overall deepening
successions of rock. Rocks of this microfacies are typically bounded by MF2, MF4 and MF6
(MF6a, MF6b and MF6c).
MF4a & MF4b: Mud-dominated to Grain-dominated Packstone
Description:
This microfacies consists of mud- to grain-dominated packstones with a diverse range of
skeletal components. In the field, weathered surfaces of the mud- to grain-dominated packstone
facies are light-gray to dark-brown with the fresh surfaces being medium- to dark-brown.
Medium-bedded, massive to blocky cliff- and ledge-forming units represented by this facies
range from several centimeters to nearly a meter in thickness. This medium-bedded lithology
makes up 7% of the overall measured section of the Round Valley Limestone.
Texturally, this microfacies ranges from mud- to grain-dominated packstone as defined
by Lucia (1995) (Fig. 5). Compositionally, this category is divided into skeletal and mixed
skeletal submicrofacies, designated MF4a and MF4b, respectively. Peloids are ubiquitous,
ranging in abundance from 4-50% of the rock (Fig. 16a-c). Peloid-rich samples (>15% peloids)
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are assigned to MF4b. Peloid-poor samples (<15%) constitute MF4a (Fig. 16d-f). Skeletal
diversity in both submicrofacies is relatively high and includes fragmented crinoids, bivalves,
gastropods, trilobites, bryozoans and brachiopods as well as foraminifera and thick-walled
ostracodes. Micrite rims are well-developed on recrystallized bivalves and gastropods, but less
so on other skeletal components. Crinoids are abundant, but not as abundant as in the skeletal
wackestone facies (MF3). Bivalves increase in abundance along with a slight increase in
gastropod fragments over previously described microfacies while trilobites, bryozoans and
brachiopods show a corresponding decrease in relative abundance (Fig. 16). Seventy percent of
samples contained detached encrusting foraminifera. Coiled endothyrids and staffellids and
prismatic archaeodiscids are present in small numbers. Ooids are rare and occur in only four
samples. Silt-size quartz grains are present in some samples, but do not account for more than
2% of the overall volume of the sample. Several samples contain dark intraclasts of mudstone
and skeletal wackestone. Intraclasts are sub-angular to angular and account for up to 17% of the
rock. The mud- to grain-dominated packstone facies represents only 7% (15 samples) of the
samples collected of the Round Valley Limestone.
Interpretation:
The diverse fauna represents deposition in normal marine waters. The higher grain
abundance suggests deposition under higher energy conditions those suggested by the preceding
microfacies (Fig. 7a). Currents were strong enough to concentrate grains, but not to remove all
of the mud residing within and between grains. Samples are moderately to poorly-sorted and
contain angular fragments of both skeletal and non-skeletal material.
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Occurrence:
Rocks of this microfacies generally occur in the middle part of asymmetrical
parasequences. On one occasion, MF4 occurred at the base of a symmetrical cycle above a
sequence boundary (see Fig. 10, RVL-2a). This cycle deepened upward before being capped by
an exposure surface. It was determined that a deepening upward cycle above an ASES
sequences boundary represented the main transgressive systems tract for sequence RVL-2.
Additionally, on several occasions, MF4 is bound by either a red to brown or gray siltstone. This
often begins a new parasequence where a small transgression has occurred before the overall
shallowing upward cycle begins.
MF5: Grain-dominated Packstone to Grainstone
Description:
The component composition of this grain-dominated packstone (Fig. 17a-f) to grainstone
(Fig.s 18a-f) microfacies is characterized by three grain-dominated submicrofacies (based on
grain composition): skeletal grains (Fig. 17a-c), encrusting foraminifera (Fig. 17d-f) and
ooids/coated grains (Fig. 18a-f). The grainstone facies typically forms light- to medium-gray to
brown ledges that range from several centimeters to almost nearly one meter in thickness.
Ledges are often blocky and slightly fractured. Fresh surfaces resulted in light- to medium-gray
coloration. Bedding typically ranges from several centimeters to tens of centimeters and
contains eight to ten centimeter-long chert nodules. The grain-dominated packstone to
grainstone facies makes up nearly 10% (29 samples) of the overall volume of the Round Valley
Limestone at all three localities.
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MF5a – Skeletal Grain-dominate Packstone to Grainstone
The submicrofacies consists of moderately well-sorted (0.2 to 9 mm) skeletal graindominated packstones and grainstones with minor amounts of peloids, ooids and intraclasts (Fig.
17a-c). Rounded fragments of recrystallized bivalves and gastropods with well-developed
micrite rims form a conspicuous component of this submicrofacies. Bryozoan, brachiopod,
crinoid and echinoid fragments (commonly micritized) are common. Encrusting foraminifera
occur in all samples in minor amounts, accompanied by sparse occurrences of coiled and
prismatic foraminifera. Other minor constituents include thick-walled ostracode and trilobite
fragments. Sparry calcite is present throughout the sample and shows one phase of growth.
Non-skeletal material includes coated-grains (<6%) and rounded mudstone and oolitic packstone
intraclasts (<34%).
MF5b – Encrusting Foraminifera Grain-dominated Packstone
This submicrofacies is characterized by the abundant occurrence of detached encrusting
foraminifera that constitute the most conspicuous component within moderately well-sorted,
fine-grained grainstones and mud-dominated packstones (Fig. 17d-f). The dominant genera are
Pseudoglomospira and Paleonubecularia. These are distinguished from one another by the test
morphology and wall microstructure (microgranular v. agglutinated). Together these comprise
nearly 30% of the rock. The majority of encrusters are detached from their non-calcified
(possible algal) substrates. A small percentage of these foraminifera are attached to skeletal
grains. Samples in this group generally contain densely packed peloids and heavily micritized
grains that resemble peloids under low magnification. These constitute up to 6% of the rock.
Approximately 3% of the rock is comprised of bivalve, brachiopod, crinoid, echinoid and
trilobite fragments (Fig. 17d-f). Coated grains also constitute a small percentage of the rock.
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Fifteen samples are assigned to this category. The highest concentration of MF5b is in
parasequence RVL-4b (Fig. 12a), where decimeter thick beds are interbedded with thin red shaly
siltstone bands. The three meter-thick interval represents a stack of grain-dominated bars or sand
shoals.
MF5c – Coated - Grain Grainstone
The component composition of this grain-dominated submicrofacies is characterized by
the predominance of moderately well-sorted ooids and cortoids. Ooids are small with thin, radial
to tangential coatings. The central nuclei are comprised of bioclasts, peloids and rounded
intraclasts. Cortoids with heavy micritic coatings are also abundant in rocks of this type (Fig.
18a-f). Minor constituents are encrusting forams, intraclasts, brachiopods, crinoids, mollusks
and calcareous algae (Asphaltina and Stacheoides). No cross-bedding was evident in outcrop or
thin-section.
Interpretation:
High energy is indicated by the paucity of mud, abundance of coated grains, high degree
of sorting, rounding of grains and presence of intraclasts (Fig. 7). The photozoan faunal
assemblage (James, 1997) and high degree of micritization by endolithic algae suggests
deposition in the photic zone. The formation of ooids indicates episodic movement of grains in
supersaturated and agitated water conditions. The rarity of MF5 in the overall sections suggests
that these carbonate sands accumulated as isolated shoals and bars and not as part of an extensive
shelf-margin shoal complex such as Joulter’s Cay, Cat Cays, or Schooner Cays in the modern
Bahamas.
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With respect to the origin of MF5b (Fig. 17d-f), epiphytic Pseudoglomospira and
Paleonubecularia grew in profusion on the thalli of non-calcified algae (or other plants). The
concentration of detached encrusting foraminifera tests typical of MF5b may represent either a
time-averaged accumulation of foraminiferal tests within a long-standing algae meadow or the
grains may have been concentrated by currents, similar to those that accumulated the
foraminifera-dominate sands of Blackadore Cay on the inner shelf of modern-day Belize (Jordan,
2002) (Fig. 7b).
Occurrence:
Rocks of this microfacies generally occur in the upper portion of a parasequence and are
often bounded by MF2 and MF6. On occasion MF1 will underlie MF5, either beginning a
shoaling upward succession or transitioning between deepening to shoaling upward succession.
Similarly, MF5 behaves like MF4 in that red to brown or gray siltstone underlies or is
interbedded with units of MF5.
MF6: Lagoonal Mudstone-Wackestone
Description:
The main component of this microfacies is dense carbonate mud. Rocks of this facies are
generally darker and denser than muddy rocks of MF1, possibly due to compaction of nearly
opaque peloids. Three submicrofacies are defined on the presence (Fig. 19a-f)/absence (Fig.
20a-e & Fig. 21a-f) of grains and on the composition of grains. Foraminifera are present in small
numbers in approximately 30% of rocks comprising this microfacies. Coiled, prismatic and
encrusting forms are represented in equal numbers.
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MF6a – Skeletal Wackestone
The rocks are characterized by dark, dense mud with a restricted marine fauna that
includes bivalves, gastropods, thin-walled ostracodes, sparse algae and rare crinoid and echinoid
fragments (Fig. 19a-f). One sample contains an abundance of eostaffellid foraminifera;
otherwise foraminifera are rare. Microfossils are well preserved, but bivalves, gastropods and
echinoderms are generally broken and frequently micritized. The matrix may contain compacted
peloids. No bedding or lamination is evident. This microfacies makes up 12% of the measured
Round Valley Limestone and consists of medium- to thick-bedded limestone that forms mediumgray to brown ledges and small cliffs.
MF6b – Peloidal Wackestone
This submicrofacies is characterized by the moderately abundant to abundant (up to 35%)
occurrence of peloids. The ovate to spherical peloids are massive or show relicts of internal
microstructure (Fig. 20a-f). Areas of well-defined peloids grade into dense mud-rich areas
apparently resulting from compaction and amalgamation of peloids. Skeletal grains are much
less common than in MF6a, although bioclasts of bivalves, brachiopods and crinoids may be
present (Fig. 20c-e). Skeletal grains are typically micritized. No bedding is present, but dark
colored mottling indicative of burrowing may be present.
MF6c – Dense Mudstone
Dense, dark mudstone textures with less than 10% skeletal fragments or peloids defines
this submicrofaces. Thin-walled ostracodes comprise a small component of this submicrofacies
(Fig. 21a-f). Internally these rocks are massive, without bedding or lamination, probably due to
extensive burrowing, which may be indicated by subtle dark-colored mottling.
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Interpretation:
Based upon the mud-rich texture, thin-walled ostracode- and mollusk-dominated biota,
presence of peloids, rocks of this microfacies are interpreted to have formed under restrictedmarine conditions (Fig. 7b). The low-diversity, low abundance fauna points to a stressed
environment probably due to changing temperature and salinity. Restriction is likely due to a
combination of factors, chief among which are sediment accumulation and sea-level fall.
The pervasive meteoric diagenesis of mollusk shells is linked to sub-aerial exposure and
the development of a freshwater lens (Goldstein, 1988; Goldstein et al., 1991) that altered
lagoonal sediments when sea level dropped or when the shelf aggraded to fill level (Fig. 7b).
Occurrence:
Rocks of this microfacies generally occur in the upper part of parasequences and are
often overprinted with exposure-related features such as rhizoliths, autobreccia, cement-filled
sheet cracks and leaching of aragonitic skeletal grains (see details under the heading of MF8).
MF7: Laminated Peloidal Wackestone
Description:
This microfacies is comprised of a laminated peloidal wackestone and peloid-rich rocks
with fenestrae (Fig. 22a). Only four samples contain these characteristics. Rocks of this facies
are medium-brown, peloidal wackestone with dark-brown laminae and little to no skeletal
material. This dominance of peloids and fenestral fabrics separate submicrofacies MF6b from
MF7.
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Interpretation:
Based upon the abundance of peloids, fenestral fabric and lamination, this microfacies is
interpreted to reflect deposition under supratidal conditions (Fig. 7b). The low-diversity fauna
also points to an environment stressed by tidal fluctuations, siliciclastic influences and possible
changes in salinity.
Occurrence:
The only occurrence of MF7 is in the partial sequences of RVL-5 (Fig. 12). This
microfacies is overlaid by MF1 (specifically MF1c) and bellows is several meters of covered
slope. This microfacies is poorly exposed and represents a short period of transgression before
sea-level rose and accommodation space began to fill, starting with MF1c. From the one sample,
it has been determined that this microfacies occurs at the base of parasequences, most often
representing short periods of transgression. More units representing this microfacies is needed to
solidify this interpretation.
MF8: Subaerial Exposure Facies
Description:
This microfacies comprises a variety of microfabrics such as color mottling, rhizoliths,
crackle breccias, sheet cracks, alveolar structures, glaebules and circumgranular cracks that have
been linked to subaerial exposure of carbonate sediments and rocks (Estaban and Klappa, 1983;
Goldstein, 1988; Goldstein et al., 1991, Hillgartner, 1998) (Fig. 22b-f). These secondary features
may wholly or partially obliterate the fabrics of rocks underlying exposure surfaces down to a
few or several tens of centimeters. The Round Valley Limestone contains 25 surfaces that
display evidence of sub-aerial exposure. These horizons often occur on top or above the
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restricted lagoonal wackestone facies (MF6), but also occur on top of grain-rich facies such as
the grain-dominated packstone to grainstone facies (MF5) and the skeletal wackestone facies
(MF2). This sharp change in depositional environment, indicating a drop in sea-level, shows a
possible prolonged break in sedimentation (Clari et. al, 1995) and alteration by meteoric water.
Exposure surfaces are discussed in more detail under the heading of Significant Surfaces.
Interpretation:
Exposure surfaces were first identified in the field through general observation. Units of
rock contain a number of indicators of being exposed. Most often, exposure surfaces were
chosen from brecciated horizons. These horizons upon closer inspection showed evidence of
fenestral fabrics, rootlets (rhizoliths), wavy bedding, karstification, bioturbation, mud cracks and
fracturing (Goldstein, 1988; Hillgartner, 1998; Clari et al., 1995) (Fig. 7c). Upon inspection
under the microscope, additional evidence was observed. This includes evidence of paleosols
(via plants and the formation of soil) (Goldstein, 1988), evidence of rhizoliths, fenestral fabric
and crackle brecciation. Rhizoliths often contain multiple layers of microcrystalline calcite
(Goldstein, 1988). These were easily seen in thin-section. Fenestral fabric, possibly due to
formation of gas a few inches underneath the fabric also lends to exposure.
Quartz Sandstone
Description:
One thin-section represents the only collectable siliciclastic rock in the field. Other
siliciclastic rocks included in the field were fine-grained claystones and siltstones that were to
thin and friable to collect for thin-sections. This sandstone in thin-section is predominately fineto medium-grained, with sub-angular quartz grains bound in a fine-grained silica matrix. There
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was also evidence of some small, fine-grained lithics within its matrix but no feldspar was
identified.
Interpretation:
Based upon the fine- to medium-size of the quartz grains and stratigraphic position above
sequence boundary RVL-3, this submicrofacies is believed to reflect marine reworking of
lowstand eolian sands.
Sequence Stratigraphy
In this section a tentative sequence stratigraphic framework was constructed for the
Round Valley Limestone as it appears at Split Mountain and on the flanks of the eastern Uinta
Mountains in Sols and Dry Canyons. Our designations are necessarily one-dimensional because
only the Split Mountain locality contains a complete section and owing to lack of guide fossils, I
was not able to match these cycles nor cycle-bounding surfaces exactly with those exposed in the
partial Round Valley sections at Dry and Sols Canyons. Candidate sequences and parasequences
are based upon the stacking patterns of microfacies and upon the nature and distribution of
significant surfaces (Fig. 10-12) chiefly within the Split Mountain section. Vertical cyclethickness trends are not emphasized as previous studies have shown that such patterns do not
constitute and diagnostic indicator of long-term accommodation trends (Gianinni and Simo,
1996; Grammer et al., 1996; Rankey, 1999).
Significant Surfaces
Three types of significant surfaces are most useful in defining high- and intermediateorder depositional units (parasequences, high frequency sequences and sequences). These are
abnormal sub-aerial exposure surfaces, exposure surfaces and flooding surfaces.
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Abnormal sub-aerial exposure surfaces (ASES)
This type of surface is indicated by sub-aerial exposure features overprinted (Fig. 23a-f)
on subtidal facies (Van Wagoner, 1995) (Fig. 7a). This combination of depositional-diagenetic
features is rare in the Round Valley, occurring in only two horizons at Split Mountain and in one
at Dry Canyon. In each case, poorly developed exposure features (rhizoliths, circumgranular
cracking, etc.) are developed on skeletal wackestone to packstone that I interpreted to represent
relatively deeper-water facies. These surfaces are created when sea-level drops, exposing
subtidal sediments to meteoric diagenesis. As a consequence, cycles below these surfaces are
facies incomplete, lacking shallower-water, lagoonal and/or tidal flat microfacies. In the Round
Valley Limestone outcrops, ASES’ provide the most compelling evidence for a fall in sea-level
and are used to define intermediate order-cycle boundaries.
Exposure surfaces
This type of surface is indicated by a suite of exposure fabrics occurring on top of cycles
capped by restricted lagoon or tidal microfacies. Exposure surfaces are extremely common at
Split Mountain and Dry and Sols Canyons. Subaerial exposure features include brecciation or
micro-brecciation, alveolar structures, rhizoliths, fenestral fabrics, bioturbation, circumgranular
cracking, wavy bedding and glaebules. Seventeen of 40 cycles in the Split Mountain section are
capped by exposure surfaces (Fig. 10-12). Exposure surfaces were also common at Dry Canyon
(Fig. 8) and Sols Canyon (Fig. 9). Of the 25 exposure surfaces found in Split Mountain, 75% of
those overlie lagoon rocks of MF6. The other 25%, MF1a, MF2 and MF5b underlie their
respected exposure surface. Exposure-capped cycles are essentially facies complete, in the sense
that the base of the cycle is comprised of open-marine facies and the upper part is comprised of
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restricted-marine lagoonal sediments. By contrast, ASES-capped cycles lack the lagoonal
component and are facies incomplete.
Flooding surfaces
Flooding surfaces are defined by an abrupt upward shift from shallow facies to relatively
deeper facies without evidence of subaerial exposure. In the Split Mountain section, 23 cycles,
here referred to as subtidal cycles, are capped by a marine flooding surface.
Sequence Hierarchy
The Bashkirian section of the Round Valley Limestone at Split Mountain was divided
into five intermediate-order and 48 high-order cycles. The five intermediate-order cycles are
bounded by surfaces indicating long-term exposure and are identified as candidate depositional
sequences. Karstification, ASES, pebble conglomerates and rhizoliths characterize these
intermediate-order exposure surfaces. A fifth intermediate-order sequence extends upward into
the overlying Morgan Formation. These intermediate-order depositional sequences are
composed of from four to fourteen higher-order parasequences. The five intermediate-order
cycles are labeled RVL-1 (lowest) through RVL-5 (highest). Within each of these intermediateorder cycles, higher-order cycles or parasequences are designated using lower case letters (eg.
RVL-1a, RVL-1b, etc.). Within these parasequences, the sub-tidal mudstone to wackestone
microfacies (primarily a MF1, MF2 and MF3) grades upward into either fine- to coarse-grained
skeletal packstones (mud-dominated to grain-dominated packstones) through grainstones (MF4
& MF5) or the mud- to wackestone lagoonal facies (MF6 & MF7). An overall shoaling upward
succession of rock is seen indicating an upward trend from low-energy, sub-tidal, open-shelf
deposits to either higher-energy, inner shelf deposits or lower-energy, lagoonal to restricted
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lagoonal deposits (Fig. 7a-e). A marine flooding surface or exposure surface caps each
parasequence. The only exception to this rule is for the uppermost parasequence which is capped
by the sequence boundary.
The 48 high-order cycles or parasequences consist of either an exposure or sub-tidal
cycle. In the field the exposure cycle is characterized by the presence of brecciation, rhizoliths,
paleosols, sheet cracks, teepee structures, scour marks, caliche and fenestral fabric. In thinsection, microbrecciation, fracturing, rhizoliths, alveolar textures indicative of paleosols, crinkled
laminations, fenestral fabrics and major diagenesis also characterize these unconformities (Fig.
7c).
The Split Mountain section is a composite of three offset, partially overlapping sections
(Fig. 10-12). The base section is named Split Mountain (SM) (Fig. 10). Above SM lies the Split
Mountain Upper (SMU) section (Fig. 11) and above SMU lies the Split Mountain North (SMN)
section (Fig. 12). Sequence boundaries RVL-1 and RVL-2 are located in the base section, SM,
of the Round Valley Limestone at Split Mountain (Fig. 10). The RVL-3 sequence boundary
covers a small portion of SM and half of SMU. Rock measured above RVL-3 is repeated in the
SMN section (Fig. 11). The RVL-3 sequence boundary is tied to the only sequence boundary in
SMU. All exposure surfaces, flooding surfaces and lithologies were similar enough to one
another to use the data in SMN for the fourth sequence. The RVL-4 sequence is in the upper
most section, SMU. A fifth but incomplete sequence lies above RVL-4, but an upper sequence
boundary was not identified. The upper portion of SMU contains several units that are buried
underneath talus or skree material. These covered regions show a larger very-fine to finegrained siliciclastic influence. This interbedded limestone and siliciclastics make up the majority
of the Morgan formation that overlies the Round Valley Limestone.
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Description of Sequences
In this section, I discuss the sequence architecture of the Round Valley Limestone at Split
Mountain, Utah.
Sequence RVL-1
The basal sequence of the Round Valley Limestone in Split Mountain measures 16.4
meters and contains seven parasequences (RVL-1a – RVL-1g) (Fig. 10). The RVL-1 sequence
begins at the base of the Round Valley Limestone and terminates at the top of a massive
mudstone that contains pebble conglomerate and black chert nodules (overlying RVL-1g). The
general trend observed in RVL-1 is that it represents an overall shoaling upward sequence of
strata. The six high-order sub-tidal cycles start in one of the first three microfacies (MF1 – MF3)
and grade upward to a shallower, grainier rock (MF3, MF5, MF6) to then be met by deeper water
deposition, thus creating a flooding surface. In two of the five (RVL-1c & RVL-1d) sub-tidal
cycles, the shoaling upward successions begin with deposition of a fine-grained, laminated, silty
mudstone with sparse skeletal fragments. Parasequences RVL-1b, RVL-1d and RVL-1g begin in
MF2 and MF4a and shoal upward to the above flooding surface, with the exception in
parasequence RVL-1g which underlies the massive mudstone, pebble conglomerate ASES. The
seventh sub-tidal cycle, RVL-1e shows a slight transgression from MF3a to MF1a and then
continues shoaling upward into the next sequence.
Sequence RVL-2
Sequence RVL-2 sequence of the Round Valley Limestone measures 19.9 meters and
contains 13 parasequences (RVL-2a – RVL-2m; three sub-tidal cycles, 9 exposure cycles and
shoaling upward cycle underlying the ASES sequences boundary) (Fig. 10). RVL-2 begins
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above a massive mudstone with pebble conglomerate in RVL-1 and continues through a 2.4
meter thick transgressive sequence to the first high-order cycle, RVL-2a. RVL-2a cycle contains
a 2.2 meter thick, deeping upward parasequence from MF4 (submicrofacies MF4a) to the MF2
after which a thin, 20-centimeter shallowing upward succession begins until it ends in the
lagoonal mudstone to wackestone microfacies (MF7) and is capped by an exposure surface. The
RVL-2a exposure surface was identified in thin-section by its highly diagenetic, partially
brecciated appearance. Eight more exposure cycles (RVL-2b through RVL-2m, excluding RVL2g, RVL-2h and RVL-2l because they are sub-tidal cycles) are represented within RVL-2. Eight
of the nine exposure cycles represent shallowing upward parasequences that end in MF6. The
other exposure cycle, RVL-2b is a 30-centimeter shallowing upward parasequences that ends in
MF4. The final exposure cycle, RVL-2m ends RVL-2 with an ASES similar to the first
sequence, which contained black chert and a pebble conglomerate. Three sub-tidal cycles, RVL2g, RVL-2h and RVL-2l, are represented within RVL-2. RVL-2g is a 2.4-meter thick
transgressive parasequence but transitions into a shallowing upward parasequence. The final two
subtidal cycles are shallow upward and are punctuated by a sudden shift from deep marine muds
(MF1) to submicrofacies MF4b and MF6a.
Sequence RVL-3
The RVL-3 sequence begins in the upper section of the Split Mountain stratigraphic
section and ends at a normal sequence boundary in SMU (Fig. 11). RVL-3 measures 14.6 meters
in thickness and contains five high-order cycles (three exposure and two sub-tidal parasequence,
one of which is capped by a sequence boundary). The RVL-3 sequence begins with a small 20centimeter thick transgresssive unit. After this transgression, strata continue their normal
shallowing upward into the above exposure surface. The three exposure cycles show similar
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characteristics from those in RVL-2. Each exposure cycle shallows upward into MF6
(specifically MF6b and MF6c) with the exception to RVL-3d. Parasequence RVL-3d begins
with a 1.4-meter transgressive succession of rock. The transition between transgression and the
normal shallowing upward succession of rock lies between units 2 and 3 of SMU. The
shallowing upward succession continues up to the next exposure surface, which overlies a
lagoonal mudstone to wackestone (MF6c). The only sub-tidal cycle (RVL-3c) lies at the top of
SM. RVL-3c is a 60-centimeter-thick unit of peloidal and coated-grain grainstone (MF5c). The
final parasequence (RVL-3e) in RVL-3 is a shallowing up succession of rock dominated by a
lagoonal mud to wackestone (MF6c). The strata below the sequence boundary are a deep marine
mud with an overprint of mud, calcite-filled fractures, microbrecciation and intraclasts.
Sequence RVL-4
Sequence RVL-4 is 21.6 meters thick and begins and ends within SMN (Fig. 11 and 12).
The RVL-4 sequence contains 15 parasequences, nine sub-tidal and six exposure cycles (the final
cycle being capped by a sequence boundary). The RVL-4 sequence begins with a thin 50centimeter thick transgressive red to purple mudrock. A shallowing upward succession then
begins into the first sub-tidal cycle (RVL-4a). The other sub-tidal cycles (RVL-4d, 4f-4h, 4j, 4k,
4m and 4n) are similar to those occurring in RVL-2 and RVL-3. These cycles shallow upward
into lagoonal sediment (MF6) with the exception of four cycles, two of which shallow upward
into the peloidal coated-grain grainstone (RVL-4j and 4k) and the skeletal wackestone facies
(RVL-4f and 4h). Exposure cycles (RVL-4b, 4c, 4e, 4i and 4l) are spread throughout the
sequence. Exposure cycles within RVL-4 all shallow upward into either the peloidal coatedgrain grainstone (MF5a) or restricted lagoonal (MF6a) submicrofacies, with the exception of the
final parasequence which ends RVL-4. RVL-4l shallows upward into the lagoonal mudstone to
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wackestone facies, which is overlain by a thin, 20-centimeter deep, scour surface filled with
very-fine grained sandstone. This shows evidence of dramatic sea-level drop where channel
sands had retrograded over the lagoonal facies.
Partial Sequence RVL-5
Sequence RVL-5 represents 22.4 meters of a partial sequence in the upper section of the
Round Valley Limestone (Fig. 12). Parasequences are not complete in this sequence because of
limited exposure of the Round Valley Limestone. Each parasequence of RVL-5 is a shallowing
upward cycle of rock, which contains nine high-order parasequences (five sub-tidal cycles and
four exposure cycles). One cycle, RVL-5e contains the only deepening upward, symmetrical
cycle. The deepening upward portion is made up of MF7, the laminated peloidal wackestone
that represents and environment indicative of a tidal flat and its deposits. Rock beneath this
microfacies was buried and difficult to identify and sample. The Round Valley Limestone at this
point is beginning to transition into the Morgan Formation, which is a mixed siliciclastic and
carbonate formation. The upper sequence boundary was not identified because of its absence in
the Round Valley Limestone.
Dry Canyon
The Dry Canyon partial section (Fig. 8) does not contain a full sequence, between two
sequence boundaries, but does have one sequence boundary represented at an ASES and four
high-order exposure surfaces. Additionally, Dry Canyon also contains ten high-order subtidal
parasequences, each representing a shoaling upward succession of strata. Ten of these 14 highorder parasequences shoal upward into MF6 (Fig. 8), which is also evident in the Split Mountain
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(Figs. 10, 11 and 12). Other microfacies represented at the tops of these cycles include, MF2
(Fig. 8, 1g and 1i) and MF5c (Fig. 8, 1a and 1b).
Correlation of Dry Canyon has proven to be difficult due to the lack of time-sensitive
conodont and foraminifera data. Matching ASES’ from Dry Canyon to Split Mountain yielded a
close match. The sequence boundary and strata of Dry Canyon closely resembles the RVL-2
sequence boundary and its underlying strata. Strata higher in Dry Canyon do not match across
these two stratigraphic columns, but strata beneath share a closer resemblance to strata in Split
Mountain. The number of exposure surfaces (with a few exceptions) and types of strata give
some evidence that these sections maybe equivalent in time. This conclusion is tentative because
of the lack of data between these two outcrops.
Sols Canyon
The Sols Canyon partial section (Fig. 9) comprises 12 high-order parasequences (five
exposure cycles and seven sub-tidal cycles). The basal eight high-order parasequences resemble
the same pattern found in the full section at Split Mountain and partial section at Dry Canyon, in
that they are shallowing upward parasequences that are capped by the lagoonal mudstone to
wackestone microfacies (MF6a, 6b and 6c). Each of these cycles begins in MF2 and shallows
upward into the submicrofacies of MF6. The upper two parasequences begin in normal-marine
rocks, MF1 and shallow upward into MF2.
Correlation of parasequences in Sols Canyon with those of the other sections cannot be
done with confidence, again owing to the absence of index microfossils. Round Valley strata in
Sols Canyon do not show evidence of substantial sea-level drop that would create the ASES.
Matching of strata is nearly impossible due to the lack of a sequence boundary.
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Discussion
This study shows that the Round Valley Limestone is comprised of upward-shallowing,
meter-scale cycles that reflect deposition under shallow, open-marine to restricted marine
conditions. The high percentage of cycles capped by exposure surfaces indicates that deposition
of the Round Valley took place intermittently and that the Wyoming shelf was exposed during a
significant portion of the Bashkirian epoch. Comparison of the Round Valley Limestone with
the coeval Bridal Veil Limestone, reveals significant differences in the depositional conditions
on the Wyoming shelf and in the eastern part of the Oquirrh basin during Bashkirian time. The
rate of sediment accumulation was much greater in the Oquirrh basin than it was on the
Wyoming shelf. The Bridal Veil Limestone is 410 meters (1,345 feet) thick (Shoore and Ritter,
2007), compared to 94.5 meter (311 feet) for the Round Valley Limestone. Sediment
accumulation is a function of subsidence rate (increased accommodation), rate of sedimentation
and continuity of sedimentation. Clearly, the rate of subsidence of the Wyoming shelf lagged
behind that of the Oquirrh basin, as did the sedimentation rate. Relative to cyclicity, the Bridal
Veil Limestone contains 20 intermediate-order cycles and 64 high-order parasequences (Shoore
and Ritter, 2007). By contrast, the Round Valley contains only 5 intermediate-order sequences
and only 48 high-order parasequences. Hence, not all glacio-eustatic beats recorded in the
Oquirrh basin were registered or preserved on the Wyoming shelf. These missing cycles may be
amalgamated into the sequence boundaries at the Round Valley Limestone or distributed more
evenly thoughout the formation. Since the cycles are below the level of biostratigraphic
resolution, it is impossible to determine which Bridal Veil cycles are absent at Split Mountain. It
is possible to infer from this data that longer duration of exposure resulted in more types of
exposure features. Overall the Round Valley Limestone saw shorter periods of deposition and
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longer periods of exposure as compared to the Bridal Veil Limestone. The likely explanation for
this happening is while the Round Valley Limestone depocenter is exposed, the Bridal Veil
Limestone is still submerged. Sea-level oscillated back and forth creating additional
parasequences and sequences in the Bridal Veil Limestone and prolonged exposure continues for
the Round Valley Limestone. Additional sequences created in the Bridal Veil Limestone get
incorporated into one sequence of the Round Valley Limestone when sea-level finally
transgresses and covers the shallow shelf in eastern Utah. Overall, the Bridal Veil Limestone
represents a more complete suite of carbonate deposition as compared to the Round Valley
Limestone, owing to its proximity to the basin.
Another difference between the Round Valley and Bridal Veil Limestones is the type and
abundance of siliciclastic material associated with exposure surfaces and sequence boundaries.
Exposure surfaces at Split Mountain are often overlain by thin beds of red shaly siltstone. By
contrast, sequence boundaries in the Bridal Veil Limestone are overlain by thick beds of fine- to
medium-grained quartz sandstone. These were interpreted to represent marine reworked,
lowstand eolianites that mantled sequence boundaries (Shoore and Ritter, 2007). The absence of
eolianites on the Wyoming shelf is problematic. The paucity of siliciclastic material in the
Round Valley Limestone indicates the absence of a proximal siliciclastic source area during the
Bashkirian epoch, indicating that the northern end of the Uncompahgre uplift was not active
during Early Pennsylvanian time.
Conclusion
The combined use of field data, thin-sections, point-count data and cluster analysis permits the
following conclusions regarding the Round Valley Limestone.
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1. The Round Valley Limestone in the eastern Uinta Mountains and at Split Mountain is 95
meters (311 feet) thick. This reflects a slight eastward thinning way from the Round
Valley type locality in the northern Wasatch Mountains, but a four-fold thinning relative
to deposits in the core of the Oquirrh basin.
2. The Round Valley Limestone contains a limited suite of shallow, well-circulated shelf to
restricted shelf (lagoon) microfacies. A diverse heterozoan to photozoan fauna
characterized circulated shelf deposits. Shoaling-induced restriction of circulation
resulted in a shift toward mollusk-dominated communities with abundant peloids and
thin-walled ostracodes.
3. Round Valley Limestone represents a stack of upward-shoaling cycles. The full section
(Figs. 10-12) of the Round Valley Limestone contains five complete (and one partial)
intermediate-order cycles (sequences) and 48 high-order cycles (parasequences). The
four of the five sequences contained evidence of dramatic sea-level drop with pebble
conglomerates and karstification occurring above the ASES (sequence boundary). The
fifth sequence was incomplete. The parasequence patterns reflect deposition on a
carbonate shelf that underwent frequent sea-level fluctuation. The majority of these
parasequences shallow upward into MF6, with a few in MF2 and MF5 (Fig. 7a-c).
Parasequences are facies complete due to accommodation space filling during each
shallowing upward cycle.
4. The Round Valley limestone contains 25 exposure surfaces, characterized by rhizoliths,
alveolar structures, glaebules, circumgranular cracking and autobrecciation. The duration
of these non-depositional breaks is below the resolution of biostratigrahy. The restriction
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of these features to the upper few to few tens of centimeters of parasequences suggests
that individual exposure events were not prolonged.
5. The Round Valley is much thinner than the Bridal Veil Limestone (four times thicker
than the Round Valley Limestone) and contains only 48 meter-scale parasequences as
compared to the 64 cycles that comprise the Bridal Veil Limestone (Shoore and Ritter,
2007). The Bridal Veil Limestone represents a more complete succession of carbonate
deposition because the Bridal Veil Limestone had more accommodation space and did
not see as many exposure surfaces as compared to the Round Valley Limestone. Missing
cycles may be amalgamated at sequence boundaries or may be distributed among the
many exposure surfaces in the Round Valley Limestone.
6. The partial section of Dry Canyon (Fig. 8) has been matched to fit within the full-section
of the Round Valley Limestone at Split Mountain Anticline. The ASES in Dry Canyon
closely matches the ASES in Split Mountain (RVL-2) (Fig. 10) and cycles and strata
below may be equivalent. An attempt to match Sols Canyon to Split Mountain strata
proved to be more difficult because Sols Canyon lacked an ASES.
7. The sequence stratigraphy of the Round Valley Limestone could be expanded beyond the
current one-dimensionality with the aid of index conodonts and foraminifera. Such data
will extend the resolution of Lower Pennsylvanian (Bashkirian/Morrowan) strata through
much of Utah and eventually tie the Bridal Veil Limestone and Round Valley Limestone
together.
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Figure 1

Figure 1. Paleogeographic reconstruction of Utah and its surrounding states, modified after Blakey &
Ranney (2008). Split Mountain is located in Uinta county (indicated by star). The Wyoming shelf extends
across the upper central portion of Utah and partially enters Colorado. The Paradox, Oquirrh and Eagle
basins flank the Wyoming shelf to the south, west and east, respectively.
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Figure 2

Figure 2. Index map of northeastern Utah, along the Wyoming-Colorado borders, showing the general
location where these sections were measured. Partial sections were measured in Sols and Dry Canyons and
a full section was measured in Split Mountain Anticline located in Dinosaur National Monument.

39

Figure 3

Figure 3. Photograph of Split Mountain Anticline. Field work was conducted on the eastern bank of the Green
River.
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Figure 4

Figure 4. Lithostratigraphic chart (west to east) of the Round Valley Limestone found in Split Mountain and Sols
and Dry Canyons and the evuivalent strata, the Bridal Veil Limestone Member of the Oquirrh Formation outside
Provo, Utah in Provo Canyon and in West Canyon. The Type Round Valley is located in Weber Canyon outside
Morgan, Utah.
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Figure 5

Figure 1. Modified Dunham (1962) classification by Lucia (1995). This classification scheme is based upon rock
fabric to make ‘classification more compatible with petrophysical considerations’ (Lucia, 1995). Packstones have
been sub-divided into two rock-fabric classes, mud-dominated and grain-dominated packstones (Lucia, 1995).
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Figure 6
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Figure 6. Statistical cluster analysis (using the Euclidian, nearest neighbor method) that was
used to first identify microfacies. Each microfacies represents a particular depositional
environment. The point-count and cluster analysis was only based on compositional and textural
parameters, so any additional parameters, ie. depositional setting, had to be identified during the
study of each microfacies and its samples. Some microfacies have been subdivided into
submicrofacies to help understand depositional environment better. Groups shown above carry
no merit and were grouped this way for formatting purposes only. For a detailed analysis of each
sample (including 300-point count data) with respects to their microfacies/submicrofacies
designation see Appendix B and images of each sample in Appendix C.
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Figure 7
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Figure 7. Depositional model showing the relationship of the microfacies/submicrofacies found
in samples collected from the Round Valley Limestone in Split Mountain, Sols and Dry
Canyons. See Appendix B for samples and their 300-piont count data for each individual
microfacies/submicrofacies. (a) Represents deposition of MF1-4 when sea-level is at its
maximum flood. (b) Represents deposition of MF5-7 when sea-level is low and has restricted
the lagoon. (c) Represents MF8, the exposure surface microfacies and the features found when
sea had fallen.
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Figure 8
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Figure 8. Stratigraphic column of the partial section measured in Dry Canyon (see Fig. 2).
Intermediate-order and high-order cycles, sequences and parasequences are labeled the left-hand
column, microfacies designation and lithology within the stratigraphic column and classification
using Dunham’s (1962) classification scheme modified by Lucia (1995) and grain size in the
right-hand column
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Figure 9
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Figure 9. Stratigraphic column of the partial section measured in Sols Canyon (Fig. 2).
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Figure 10
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Figure 10. The stratigraphic column for the measured section of the Split Mountain (SMU)
column in Split Mountain Anticline (Figs. 2 & 3).
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Figure 11
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Figure 11. The stratigraphic column for the measured section of the Split Mountain Upper
(SMU) column in Split Mountain Anticline (Figs. 2 & 3).
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Figure 12a
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Figure 12a. The stratigraphic column for the measured section of the Split Mountain North
(SMN) column (part 1 of 2) in Split Mountain Anticline (Figs. 2 & 3).
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Figure 12b
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Figure 12a. The stratigraphic column for the measured section of the Split Mountain North
(SMN) column (part 2 of 2) in Split Mountain Anticline (Figs. 2 & 3).
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Figure 13
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Figure 13. Carbonate mudstone MF1: (a, b) Photomicrograph of the laminated mudstone with
fine-grained quartz silt (MF1a); (c) Photomicrograph representing the burrowed mudstone
submicrofacies (MF1b). Burrowed mudstones typically show dark mottling and disruption of
laminae; (d, e, f) Photomicrograph of the massive mudstone. The massive mudstone lacks
distinct laminae but may contain dark, sub-rounded intraclasts (e) in the matrix. Diagenetic
altering is evident by the formation of euhedral dolomite crystals and neomorphosed mud (d &
e). Skeletal material is rare but is often comprised of microbioclastic fragments of brachiopod,
crinoid and ostracod fragments. Rocks of MF1 typically occur near the base of an asymmetrical
parasequence (shallowing upward) or in the middle of a symmetrical parasequence (deepening).
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Figure 14
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Figure 14. (a-f) Skeletal (heterozoan) wackestone (MF2): Skeletal diversity of MF2 is much
greater than in MF1. Samples representing this facies make up the largest percentage of the
Round Valley Limestone at all three localities. A diverse fauna assemblage that includes
crinoids (a-f), impunctate and pseudopunctate brachiopods (b, c & f), bryozoans, trilobite (a-f),
ostracodes (a-f) and echinoid spines (b) characterizes the composition of this mud- and skeletalrich microfacies. Forams occur in 90% of the rock and principally represent Endothyra,
Planoendothyra and Eostaffella (a, b & c). Encrusting forams (Pseudoglomospira) also occur in
each sample but in a small abundance.
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Figure 15
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Figure 15. Mud-dominated Packstone microfacies (MF3): Diversity between MF2 and MF3 are
very similar and rocks of MF3 contain less mud in comparison the MF2. Crinoid, trilobite,
bryozoan and brachiopod fragments (a-f) are typically coarser (b, c & f) than MF2 and dominate
samples of MF3. Crinoids show appear to be partially fragmented but large two millimeter or
great columnals (f) are presents in several samples. Trilobite, bryozoa and brachiopod fragments
can see a 5-35% increase in abundance throughout samples of this microfacies. Other minor
skeletal grains include, bivalves, forams, ostracodes, algae, gastropods and echinoid fragments
(a-f) may also occur in samples of this microfacies. Non-skeletal material includes very-fine
grained quartz silt (c) and peloids (c, d & e).

64

Figure 16
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Figure 16. Mud-dominated to grain-dominated packstone facies (a-f) (MF4, MF4a & MF4b):
The submicrofacies (a, b & c) peloidal packstone is represented by ubiquitous peloids with finegrained crinoid, brachiopod and ostracode skeletal fragments. Submicrofacies MF4b represents
the mud-dominated to grain-dominated packstone that lack peloids (d, e, f) but contains higher
concentrations of skeletal fragments. Skeletal material includes brachiopod, crinoid, bryzoan
and sparse bivalve fragments. Non-skeletal material includes peloids (less abundant than in
MF4a and sparse coated grains.
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Figure 17
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Figure 17. Skeletal grain-dominated packstone to grainstone microfacies (MF5; MF5a &
MF5b): (a, b, & c) Submicrofacies MF5b, the skeletal grain-dominated packstone to grainstone,
is moderately well-sorted skeletal grain-dominated packstone. Skeletal Diversity is high with
bryozoan, brachiopod, crinoid and some bivalves. Non-skeletal material occurs in minor
amounts which includes peloids, ooids and intraclasts. The encrusting forams
(Pseudoglomospira) occurs in some of the samples but are quite rare compared to MF5b. (d, e,
& f) Samples of MF5b contain ubiquitous Pseudoglomospira and Paleonubecularia forams.
Samples representing this submicrofacies are mud- or grain-dominated packstones, with the
latter being the most common. Other skeletal material to occur in MF5b are brachiopods and
bryozoan with the occasional crinoid fragment.
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Figure 18
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Figure 18. Skeletal grain-dominated packstone to grainstone microfacies (MF5; MF5c):
Samples (a-f) represent the peloidal/coated grain/ooid grainstone submicrofacies. Component
composition of this submicrofacies is characterized by the predominance of non-skeletal grains.
Non-skeletal grains include peloids, coated grains, cortoids and ooids (tangential and radial).
Skeletal material, ie. brachiopod, crinoid or bivalve fragments, make up a large part of the nuclei
of these non-skeletal grains. Cortoids contain a heavy micrite coated.
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Figure 19
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Figure 19. Skeletal Wackestone (Restricted) (MF6; MF6a): (a-f) Rocks of this submicrofacies
are characterized by their dark, dense mud with a restricted marine fauna. Restricted marine
fauna includes bivalves, gastropods, thin-walled ostracodes, sparse algae and rare crinoid and
echinoid fragments. Forams are otherwise rare but well preserved as compared to larger skeletal
grains which are generally broken and frequently micritized. Some non-skeletal grains are
included, mainly peloids that have been compacted.
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Figure 20
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Figure 20. Peloidal Wackestone (MF6; MF6b): (a-f) Rock of this submicrofacies is
characterized by the moderately abundant to abundant occurrence of peloids in the overall matrix
of the rock. The ovate to spherical peloids are massive or show relicts of internal microstructure.
Skeletal material is less common throughout this submicrofacies. Skeletal grains that do occur
include, bivalves, brachiopods and crinoids. Lack of skeletal material still indicates a restricted
fauna.
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Figure 21
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Figure 21. Dense Mudstone (MF6; MF6c): (a-f) Dense, dark mudstone textures with less than
10% skeletal fragments or peloids defines this submicrofacies. The major skeletal component in
MF6c are fragmented and whole ostracode remains. Internally these rocks are massive, without
bedding or laminations due to extensive burrowing. Other skeletal grains that may occasionally
occur in MF6c are bivalve, brachiopod and crinoid fragments.
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Figure 22
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Figure 22. Laminated peloidal wackestone microfacies (MF7, a): This microfacies is
comprised of a laminated peloidal wackestone and peloid-rich rocks. Laminae are dark brown
with a ligher brown matrix. Fenestral fabric was also identified.
Sub-aerial Exposure Facies (MF8a, b-f), This submicrofacies is comprised of a
variety of microfabrics such as color mottling, rhizoliths, crackle breccias, sheet cracks, alveolar
structures, glaebules and circumgranular cracks.
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Figure 23
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Figure 23. Abnormal sub-aerial exposure surfaces (MF8b, a-f): Rocks representing ASES’
contain similar patterns in microfabric but are typically found in rock that represents a sub-tidal
microfacies (MF1, MF2, MF3). A matrix containing the sub-tidal microfacies might see more
dense mud, skeletal fragments that are not abundant and broken and skeletal fragments like
crinoids, brachiopods and bryzoan.

80

APPENDIX A: FORAMINIFERA DATA

Foram data from samples collected at Dry (DC) and Sols Canyons (SC) and Split
Mountain (SM), Split Mountain Upper (SMU) and Split Mountain North (SMN)
sections
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DC Foraminifera Data
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83
Sols Canyon Foraminifera Data
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Split Mountain Foraminifera Data (1 of 3)

85

Split Mountain Foraminifera Data (2 of 3)
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Split Mountain Foraminifera Data (3 of 3)
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Split Mountain Upper Foraminifera Data
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Split Mountain North Foraminifera Data (1 of 2)
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Split Mountain North Foraminifera Data (2 of 2)
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APPENDIX B: MICROFACIES & SUBMICROFACIES

Each microfacies or submicrofacies herein contains the data from each of the
samples collected in the field.
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MF1a
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MF1b
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MF1c
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MF2 (1 of 2)

95

MF2 (2 of 2)
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MF3
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MF4a
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MF4b

99

MF5a

100
MF5b

101

MF5c
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MF6a

103

MF6b

104

MF6c
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MF7
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MF8 (1 of 2)
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MF8 (2 of 2)
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APPENDIX C: THIN-SECTIONS

Selected thin-sections from samples collected in Round Valley Limestone at Dry
and Sols Canyons and Split Mountain (SM), Split Mountain Upper (SMU) and
Split Mountain North (SMN)
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Dry Canyon Images (1 of 5)
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Dry Canyon Images (2 of 5)
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Dry Canyon Images (3 of 5)
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Dry Canyon Images (4 of 5)
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Dry Canyon Images (5 of 5)
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Sols Canyon Images (1 of 5)
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Sols Canyon Images (2 of 5)
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Sols Canyon Images (3 of 5)
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Sols Canyon Images (4 of 5)
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Sols Canyon Images (5 of 5)
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Split Mountain Images (1 of 8)
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Split Mountain Images (2 of 8)
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Split Mountain Images (3 of 8)
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Split Mountain Images (4 of 8)

123
Split Mountain Images (5 of 8)
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Split Mountain Images (6 of 8)
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Split Mountain Images (7 of 8)
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Split Mountain Images (8 of 8)
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Split Mountain Upper Images (1 of 3)
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Split Mountain Upper Images (2 of 3)
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Split Mountain Upper Images (3 of 3)
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Split Mountain North Images (1 of 8)
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Split Mountain North Images (2 of 8)
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Split Mountain North Images (3 of 8)
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Split Mountain North Images (4 of 8)
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Split Mountain North Images (5 of 8)

135
Split Mountain North Images (6 of 8)
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Split Mountain North Images (7 of 8)
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Split Mountain North Images (8 of 8)

